In this issue of the Proceedings, Braisted and Wells (1) (11, 12) .
In this issue of the Proceedings, Braisted and Wells (1) describe the minimization of a protein domain, down to a mere 33 residues, a size typically associated with peptides. What is the difference between a peptide and a protein? A convenient definition is that a protein can fold into a unique, cooperatively stabilized three-dimensional structure. In contrast, a peptide is too small to accumulate a sufficient number of weak interactions in a single stable structure. The smallest independently folded protein domains found in nature-except those requiring disulfide bonds, metal ions, or oligomerization-are "50-60 residues in length. Thermodynamic considerations suggest this size may be the lower limit of protein stability (2) .
Recent reports, however, suggest that even smaller stable proteins can be constructed. Designed helix-loop-helix motifs have been described (3) (4) (5) , but their NMR structures are poorly defined (3, 4) ; whether this finding reflects dynamic solution behavior or just a paucity of useful nuclear Overhauser effects is currently unclear. Kim and coworkers (6) have also defined a minimal protein-like segment of the leucine zipper in GCN4, which forms a 46-residue (dimeric) coiled coil. Recently, Imperiali and coworkers (7) have designed a zinc finger-like peptide, that includes a D-amino acid to stabilize a type II' turn and a highly hydrophobic amino acid, bipyridyl-alanine, to achieve a strand-strand-helix fold. The paper by Braisted (11, 12) .
In the second stage of mutations, Braisted and Wells repacked the five residues that formed the apolar helix-helix interface. A clear consensus sequence was obtained in which Ala-13, Ile-17, and Leu-35 from the original sequence were replaced by Arg, Ala, and Ile, respectively. Two of these changes again involved decreasing the hydrophobicity of the original sequence, and all three presumably help to stabilize the interface in a geometry appropriate for productive interaction with IgG. Interestingly, previous workers have shown that proper orientation of these two helices in the intact Z-domain is essential for rapid and effective association with IgG (8, 13) . In the last stage, the site that physically interacts with IgG was optimized. While leading to further enhancement in affinity, this last round of mutations presumably was not crucial for the formation of a stable protein-like structure.
The predominantly polar substitutions suggest that the protein-like properties of the minidomain come from the creation of a network of polar rather than hydrophobic interactions. For example, the guanidino group of the conserved Arg-28 has the potential to H-bond with three backbone carbonyls of the adjacent interhelical loop. Hydrophobic interactions are known to be stabilizing, but they often permit too many ways for side chains to associate (14) (15) (16) . Polar interactions on the other hand generally contribute to the uniqueness of the folded structure (15) . By minimizing the number of hydrophobic groups, the number of competing nonbinding states was probably minimized and a unique structure obtained.
Proteins of less than 40 residues in length have not been observed in nature, which suggests that structures of this size may not be evolutionarily fit. One possible explanation is that miniproteins might be less stable than larger proteins, which would lead to unacceptably high levels of proteolysis and degradation. Furthermore, a less stable protein has much less sequence space compatible with folding and function as has been demonstrated in a series of mutants of the B1 immunoglobulin-binding domain from streptococcal protein G (17) . The miniprotein is stabilized by a highly intricate network of interactions that is probably much less able to withstand random mutations as compared to a larger protein (Fig. 1) .
The miniprotein described by Braisted 
